I. INTRODUCTION
Two B factories, both Belle and Babar have accumulated the very large samples of τ decays. The τ lepton physics beyond the standard model, such as τ lepton number violation and time reversal violation through the measurement of electric dipole moment have been studied. The CP violation of the hadronic τ decay also has been investigated both theoretically [1] and experimentally [2] . Various angular distributions including the quantities using the τ spin polarization have been also proposed [1, 3] . Recently, Belle and Babar reported the precise measurements of the branching fractions of τ → K s πν [4] and τ − → K − π 0 ν [5] .
The improved measurement of the branching fraction for τ → Kην has been also obtained [6] . About the τ → Kπν decays, the hadronic invariant mass spectrum has been measured.
Motivated by these measurements, we study the direct CP violation of τ ± → K ± Pν(ν)
with P = π 0 , η, η ′ and τ ± → K s π ±ν (ν) . Non-vanishing direct CP violation in the processes may arise with some new source of the CP violation in addition to Kobayashi Maskawa phase [7] and the strong phase shifts of the final states of hadrons.
In τ → KP ν decays, the hadronic system KP may have the angular momentum L = 0(s wave) and L = 1(p wave). The interference term of them can be extracted from the forward and backward asymmetry [8] . In the present paper, we define the asymmetry as the difference of the numbers of events for K meson scattered into the forward and backward directions with respect to the incoming τ momentum in the hadronic CM frame. By comparing the forward and backward asymmetries for CP conjugate processes, the direct CP violation can be defined. The s wave and p wave of the hadronic amplitudes are related to the scalar and vector form factors in the time like region which have their own strong phases. To evaluate them, we use a chiral Lagrangian including scalar and vector meson resonances such as κ(800) and K * (890). We compute the both real and imaginary parts of the one loop corrections to the self-energy of the resonances and obtain the strong phase shifts. We include the pseudoscalar meson loop correction and scalar and vector meson loop correction.
The latter may give an important contribution to the form factors at higher invariant mass regions above 1 GeV up to m τ ∼ 1.7(GeV).
As a new physics effect, we study a two Higgs doublet model with non-minimal Yukawa couplings to the charged leptons. The two Higgs doublets contribute to the charged lepton mass through the Yukawa couplings. In the non-minimal model, the interaction of the charged Higgs boson to the τ lepton family can be CP violating. The interaction generates
The interference with the charged current interaction due to W boson exchanged diagram may lead to the direct CP violation which can be measured in the forward and backward asymmetry.
The paper is organized as follows. In section II, we show the hadronic chiral Lagrangian including scalar and vector resonances. In section III, we derive the form factors. In section IV, by fixing the finite renormalization constants, we numerically evaluate the form factors and the hadroic invariant mass spectrum. In section V, we introduce the two Higgs doublet model and present the direct CP violation. Section VI is devoted to conclusion and discussion.
II. CHIRAL LAGRANGIAN INCLUDING SCALAR AND VECTOR MESONS
In this section, we show the chiral Lagrangian with vector and scalar resonances. The following aspects are the main feature of the chiral Lagrangian.
• U(1) A breaking effect is taken into account so that we can apply the Lagrangian to τ decays into the final states including Kη and Kη ′ .
• SU(3) breaking of the vector mesons are taken into account.
About the inclusion of the scalar resonances, we followed the approach of Ref. [9] . About the vector meson sector, our Lagrangian is equivalent to the one in Ref. [10] except SU (3) breaking effect for vector mesons. The chiral Lagrangian is given by,
where S and V are the scalar nonets and vector nonets respectively. (See appendix A.) U is the chiral field and is given as U = exp(2iπ/f ) = ξ 2 . π is SU(3) octet pseudo Nambu Goldstone boson and η 0 corresponds to U(1) A pseudoscalar of which mass is denoted by M 0 .
The U(1) A symmetry is broken by the mass term explicitly. The covariant derivatives for the chiral field and the scalar field are given as,
where A L denotes the external vector field corresponds to SU(3) L . M in Eq. (1) is the chiral breaking term for the light quarks and is given by,
∆ denotes mu ms
. In this work, we work in the isospin limit, m u = m d . Below we explain how we determine the parameters in the Lagrangian of Eq.(1).
• B, g 1 , g 2
In the isospin limit, the vacuum expectation values of the scalar fields are given as,
which leads to the SU(3) breaking of the wave function renoramalization constants and the decay constants of the pseudo Nambu Goldstone bosons,
The decay constant for η 8 is written as, g is determined with the width of K * .
III. FORM FACTORS
The hadronic form factors relevant for the processes τ + →νK
with
The form factor denoted by F is the vector form factor and F s is the scalar form factor. The form factors have been computed by using the variety of the methods, Ref. [12, 13, 14, 15] . In this work, we have used the hadronic chiral Lagrangian including the vector and the scalar resonances in Eq.(1). We compute the loop corrections to the self-energy of the vector and the scalar resonances. The real part of the self-energy is divergent and we need to subtract the divergence. Corresponding to the subtractions, we have added the polynomials. Some of the coefficients of the polynomials are determined by the pole positions and the residues of the propagator for the resonances.
To compute the form factors, let us write the V-A charged current in terms of hadrons.
By differentiating Eq.(1) with the external vector fields A L , we obtain the current as,
FIG. 1: The Feynman diagrams contributing to the form factors
We first show the results of the form factors for Kπ final state.
The form factors include the contribution of the Feynman diagrams shown in Fig. 1 . In Fig. 1 , the propagators for K * and κ mesons are represented by the thick solid lines which include the one loop corrections to the self-energy. Let us consider the propagators for K * and κ. They are obtained by inverting the inverse propagators for K * and κ.
where J µ and J are source terms for K * and κ respectively. A R g µν + B R Q µ Q ν is the inverse propagator for K * and D R denotes the inverse propagator for the κ. C R denotes the mixing between the K * and κ. Inverting Eq. (22), one can obtain the propagator. 
The Feynman diagrams of scalar and vector mesons loop whcih contribute to the form factor for KP |ūγ µ s|0 . They can be written in terms of the self-energy correction function Π V S .
To derive Eq. (25), we have used the production amplitudes for K * and κ due to the vector current uγ µ s,
We also have used the strong interaction vertices which are given as,
is the strong coupling for κ → Kπ defined by,
In addition to the pseudoscalar loops, we have taken into account the vector and scalar meson loops denoted by Π V S . Each contribution is given by,
where Π V S is identical to the self-energy function in Fig. (3-d) ,
By denoting the self-energy corrections as δA R , δB R , C R and Π V S corresponding to the
The pseudoscalar meson loop corrections to the self-energy for K * (δA R , δB R ).
Feynman diagrams in Fig.3 , one obtains
where
. The momentum dependent widthes Γ K * (s) and Γ κ (s) are given as,
and is related to the momentum of kaon p K in the hadronic rest frame as
. The real part of the self-energy corrections are divergent. We have subtracted the divergences at zero momentum as,
Then we have added the polynomials with respect to s which coefficients are finite renormalization constants. We have added the polynomial a 0 + a 1 s which corresponds to the twice subtractions for δA R in Eq. (33). For δB R and C R , we have added a finite constant to each denoted by b 0 and c 0 respectively. About the self-energy correction of the scalar meson δD R (s), we need to subtract divergences up to s 2 . Therefore, we need to add the polynomial
2 which is quadratic with respect to s.
The self-energy corrections in Eq. (33), δA R ∼ C R , are given by,
where R P Q and R ′ P Q are defined as,
We give the explicit forms for R (n) P Q (n = 0 ∼ 2) in appendix B. The inverse propagator for the scalar meson is,
wherē
with Σ P Q = m 2 P + m 2 Q and ν
We also note,
The self-energy corrections due to the vector and the scalar meson loop are also divergent,
where C V S are factors determined by scalar and vector mesons which contribute to the loop and are given as,
We subtracted the divergences of K 1 and K 2 as,
Using K 1V S and K 2V S , we write the self-energies Π T V S and Π L V S in Eq. (30) as,
The explicit forms for K iV S (i = 1, 2) are given as,
The absorptive parts of K iV S (i = 1, 2) are written as,
In A R and B R of Eq. 
Kη
′ case.
To derive Eq. (48a) and Eq. (49a), we used the strong interaction vertices for K * → Kη and K * → Kη ′ ,
where q = p k − p P (P = η, η ′ ). We also use κ → Kη ( ′ ) vertices which are given by, 
Moreover we set four parameters c 0 , b 0 , l 1 , d 2 to be zeros. Below we show the numerical values of constants for M κ = 800 MeV case.
Br ( We also show the values of the constants in Table. III for M κ = 760 MeV and 840 MeV. Because the other parameters were set to be zero, there are only two undetermined parameters.
We choose k 0 and k 1 as the parameters to be adjusted. They are fixed so that the branching fractions for τ → Kπν and τ → Kην can be reporoduced. For (k 0 , k 1 ) = (−4.03×10 5 , 0.656), we obtain
which are close to the expeimental results [5] and [6] ,
The branching fraction for τ → Kη ′ ν becomes,
We have plotted the hadronic invariant mass spectrum for Kπ,Kη and Kη ′ cases in Fig. 4 .
The formulae can be found in [1] ,
where p K is the momentum of kaon in the hadronic CM frame. In the hadronic invariant mass spectrum for K ± π 0 at low invariant mass region, K * resonance can be seen. Just below K * , we can see the effect of κ(800). At the high invariant mass region, the new thresholds due to the vector and scalar channels are open and these effects can be seen in Kπ, Kη and Kη ′ cases in Fig. 4 . Table. III.
V. FORWARD AND BACKWARD ASYMMETRY AND CP VIOLATION
In this section, we compute the forward and backward asymmetry [8] and the direct CP violation for τ → KP ν decay. We start with the double differential rate of the unpolarized
where θ is the scattering angle of kaon with respect to the incoming τ in the hadronic CM frame. The forward and backward asymmetry extracts the interference term of the vector form factor and the scalar form factor. Higgs doublet model in which the two Higgs doublets have couplings to the charge leptons,
where we assume that H 2 is coupled with neutrinos and both H 1 and H 2 are coupled with the charged leptons. The neutrino mass is given by the seesaw mechanism. However, the right-handed Majorana neutrino with the mass M N much heavier than the electro-weak scale does not affect on the interaction terms with the mass dimension equal to four at all.
Therefore, we keep the terms which are not suppressed by a factor
In two Higgs doublet model, without loss of generality, one can parametrize the Higgs fields as,
where θ CP is the relative phase of the vaccuum expectaion values of Higgs and its value can be determined from Higgs potential. The charged current interactions of the model are,
where the charged lepton masses m l = diagonal(m e , m µ , m τ ) are obtained by the diagonalization.
Eq. (63) can be used to express y 1 in terms of the charged lepton mass and the other Yukawa coupling y 2 . By introducing,
one can obtain Eq. (62). The four fermi interactions induced by the charged Higgs exchange are,
where r 2ij denotes the non-minimal couplings of charged Higgs boson between the charged lepton l j to the neutrino ν i , 
where the matrix element of the scalar current is given by,
Then τ → KP ν i branching fraction is,
The CP violation of the forward and backward asymmetry is shown for K ∓ π 0 case in Fig. 8 . By taking |r 2τ τ | = 1, one can see that CP asymmetries can be as large as a few %. At low invariant mass region √ s < 900(MeV), the direct CP violation is negative while at high invariant mass region √ s > 900 (MeV) , the CP violation is positive. The sign is correlated to sin δ st as can be seen in Eq. (71). From Fig. 6 , we can see sin δ st also changes its sign around √ s = 900(MeV). We also change the charged Higgs boson mass.
For M H > 500 (GeV), CP violation is suppressed to less than 1 %. In Fig. 9 , we also show the CP asymmetries for Kη and Kη ′ cases. We note the sign of the CP violation is opposite to the sign at high invariant mass region of Kπ case. 
VI. CONCLUSION AND DISCUSSION
We have studied CP violation of τ → KP ν (P = π 0 , η, η ′ ) decays and τ → K s πν. CP violation for the forward and backward asymmetries is computed using the two Higgs doublet The function R (n) P Q is defined as,
There are two regions for s of interests depending on below the threshold, i.e., (1) (M P − M Q ) 2 ≤ s ≤ (M P + M Q ) 2 or the above threshold (2) (M P + M Q ) 2 ≥ s.
For the case (2),
with a and b are given as,
with 0 ≤ a, b ≤ 1. We show the real part of R 
For the case (1),
where,
We define the indefinite integrals, r (n) P Q (y) = y dyy n log(y 2 + α 2 ).
Using the integrals, one can write, R
P Q = r 
The indefinite integrals are given by, r 
P Q = y log(y 2 + α 2 ) − 2y + 2α arctan y α .
